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The structural biophysics laboratory focuses on the
structure-based functional analysis of the enzymes and re-
ceptors related to lipid metabolism and lipid mediators,
since they are not only of biological importance but are
targets that have developed many the rapeutics for inflam-
mation and immuno-malfunction. Another focus is to de-
velop high-throughput technologies for SR protein crystal-
lography including an integrated automated protein crys-
tallization system, as an effort for the National Project on
Protein Structural and Functional Analysis, Protein 3000.

1. Structure-based functional studies of proteins
related to lipids and other

(1) Crystallographic study of leukotriene B412-hydro
xydehydrogenase/15-oxo-prostaglandin 13-reductase

The multi-functional leukotriene B4 12-hydroxydehy-
drogenase/15-oxo-prostaglandin 13-reductase (LTBs 12-
HD/PGR) is an essential enzyme for eicosanoid inactiva-
tion. It is involved in the metabolism of the E and F se-
ries of 15-oxo-prostaglandins (15-oxo-PGs), leukotriene By
(LTB4) and 15-oxo-lipoxin A4 (15-ox0-LXA4). The crystal
structures of the LTB4 12-HD/PGR, the binary complex
structure with NADP™ and the ternary complex structure
with NADP' and 15-oxo-PGE: have been solved. The
structures showed that the 15-oxo group forms hydrogen
bonds with the 2’-hydroxyl group of nicotine amide ribose
of NADP" and a bound water molecule to stabilize the
enolate intermediate during the reductase reaction. The
electron deficient C13 atom of the conjugated enolate may
be directly attacked by a hydride from the NADPH nico-
tine amide in a stereospecific manner. The structure also
implies that a Src homology domain 3 (SH3 domain) may
interact with the left-handed proline rich helix (PPII he-
lix) at the dimer interface and regulate LTB, 12-HD/PGR
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activity by disruption of the substrate binding pore where
accommodates the w-chain of the substrate.

(2) Analysis for reaction mechanism for long chain
fatty acyl-CoA synthetase

The first crystal structures of a long chain fatty acyl-
CoA synthetase (LC-FACS) including the complexes were
determined in the laboratory. LC-FACS synthesizes long
fatty acyl-CoA from long chain fatty acid, ATP, and CoA.
Based on the crystal structures, the reaction mechanism of
LC-FACS is proposed as Bi-Uni-Uni-Bi Ping-Pong mech-
anism in atomic detail. We tried to confirm the proposed
reaction mechanism of LC-FACS with fluorophotometric
analyses. The results were consistent with the proposed
mechanism. To confirm the proposed mechanism fur-
ther, we constructed various mutants of the amino residues
which had been proposed to participate the ATP and/or
fatty acid binding as well as the closed conformation sta-
bilization.

(3) X-ray crystal structural study of ribose-5-phosphate
isomerase

Ubiquitous ribose-5-phosphate isomerase (Rpi) cat-
alyzes the reversible isomerization between ribulose-5-
phosphate (Ru5P0O and ribose-5-phosphate (R5P0 in the
oxidative pentose-phosphate cycle. Rpi also converts R5P
to RubP in the Calvin cycle of photosynthetic organisms.
To clarify the catalytic mechanism of the enzyme, we de-
termined the high resolution crystal structures of Rpi from
Thermus thermophilus HB8, in complex with the ring-
opened form of substrate R5P and the open chain form
of the C2-stereo-epimer inhibitor arabinose-5-phosphate
(A5PO including the apo form. In the crystal structures
of Rpi/R5P complex and Rpi/A5P complex, both R5P
and A5P are bound in the active site in a mirror sym-
metry binding mode. The structure of Rpi/R5P reveals
that Glul08 is the general base/acid for proton transfer
between C2 and C1 of R5P, and the catalytic reaction
proceeds via the cis-enediolate intermediate. Furthermore,
we proposed that the oxyanion hole stabilizes the negative
charge of the Ol-oxygen atom in the intermediate and the
side chain amine of Lys99 plays a role in the stabilization
of the negative charge of the O2 oxygen as well.

(4) Crystallographic analysis of sphingomyelinase

Ceramide is one of the intrinsic lipid mediators. Sph-
ingomyelinase (SMase) is responsible to produce ceramide
from sphingomyelin, a component of plasma membrane.
The amino acid sequence of sphingomyelinase from Bacil-
lus cereus (Bc-SMase) is homologous not only with those
of various bacterial SMases but also with the amino acid
sequence of the last half of human neutral SMase. The
first crystal structure of Bc-SMase is determined at 1.5
A resolution.

2. Expression and purification of proteins for
structural studies

(1) Expression system of GPCRs

Expression system of GPCRs has been constructed. In
the year, we have tried the expressions of leukotriene B4
receptor 1 (BLT1) and platelet-activating factor receptor
(PAFR) by E. coli and insect cell systems.

(2) X-ray crystal structure analysis of human adipocyte-
derived leucine aminopeptidase

Human adipocyte-derived leucine aminopeptidase (A-
LAP) belongs to the M1 family of a zinc-metallo-protease,
which contains the consensus sequence HEXXH (X)1sE mo-
tif. A-LAP was reported to localize in endoplasmic retic-
ulum and to be involved in generation of the Major his-
tocompatibility complex (MHC) class I-binding peptides
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by the N-terminal trimming of longer precursors. We have
been trying to purify the recombinant protein from an Sf9
cell over-expression system and to construct large expres-
sion systems using E. coli cells.

(3) Human calcineurin homologous protein (CHP)

CHP binds Na®-H"-exchanger (NHE1) and regulates
intracellular pH. We have been trying crystallization ex-
periments for X-ray crystallographic analysis of the com-
plex of CHP and NHE1 fragment. We have already ob-
tained some crystals of CHP-NHE1 fragment complex be-
yond 4 A resolution.

(4) Expression, purification and crystallization of in-
termedin

Crystallization of a synthetic intermedin-peptide has
been attempted. GST-intermedin fusion protein has been
successfully expressed in E. coli.

(5) Structural studies of self-incompatibility proteins
in many bisexual flowering higher plants

Self-incompatibility in many bisexual flowering higher
plants is a mechanism for avoiding self-fertilization through
rejection of self and related pollen by the female organ
(the pistil). The mechanism is controlled by highly poly-
morphic genes at the S-locus. Higher plant enables the
pistil to distinguish between self and non-self pollen of the
same species. We want to explicate the self-incompatibility
mechanism. We try to purify a recombinant protein coded
in S-locus using Sf9 cell expression system as well as to
construct large expression systems using E. coli.

3. Structure-based functional study of mem-
brane proteins

(1) Photosystem II from a Cyanobacterium Syne-
chocyctis CPP sp. 6803

Cyanobacterium Synechocyctis CPP sp. 6803 has 400
kDa molecular weight and more than 21 polypeptides. We
are trying crystallization experiments using a robotic sys-
tem for X-ray crystallographic analysis of this supermacro-
molecular complex.

4. Development of technologies for structure de-
termination of protein in a high throughput man-
ner

(1) Technologies for protein crystallization

Protein crystallization is one of the major bottlenecks
in protein X-ray crystallography. We crystallized a lot of
protein samples by full-automatic crystallization and ob-
servation robot system “TERA”, which we had developed
and daily operated more than one year. In this year, the
number of trials of crystallization and observed images
using the dedicated more than 360 proteins are counted
about 360 thousand and 4 million, respectively. One hun-
dred fifty proteins had crystallized and checked the quali-
ties of their X-ray diffractions from the TERA crystalliza-
tion trials with multi-steps.

(2) Tools for information integration

A fully-integrated laboratory information management
to determine a number of protein structures in high
throughput manner is crucial due to huge and various in-
formation generated to be recorded, shared and utilized
in the whole facility. Highthroughput Factory Database
(HTPF-DB) is the database to manage and share the ex-
perimental information. The dynamic model with den-
dritic structure is adopted as a basic frame to endue the
database with high flexibility and expansibility. In this
year, X-ray diffraction DB and X-ray analysis DB has been
mainly developed. We have already started to restore the
several data set of X-ray diffraction experiments from the
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